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Abstract 
The Mackay Renewable Biocommodities Pilot Plant is a pilot scale facility owned 
and operated by QUT for research and demonstration of the conversion of 
lignocellulosic biomass such as sugarcane bagasse into biofuels.  The pilot plant 
accommodates unique state-of-the-art equipment to process a wide range of 
feedstocks and it is strategically located on the site of the Mackay Sugar Ltd 
Racecourse Mill.  Major facilities include a biomass handling system, pretreatment 
reactor, saccharification reactor, fermentors, distillation column and bioseparations 
equipment.  This paper provides an update on the design, construction, 
commissioning and start-up of the facility. In addition, the paper provides results 
from preliminary facility trials on the pretreatment of sugarcane bagasse for 
cellulosic ethanol production.  
 
Introduction 
In the sugarcane milling process, the bagasse produced is usually recycled as a fuel 
for the boiler furnaces to generate steam which is ultimately used for mechanical work, 
process heating and the generation of electricity for factory operations and for export.  Apart 
from using it for cogeneration, the bagasse is a potential raw material for second-generation 
bioethanol and bio-composite materials production.  There are strong research and 
commercial interests in producing higher value products from bagasse by conversion into 
cellulosic ethanol.  For the sugar industry, cellulosic ethanol from bagasse could be a 
valuable co-product due to increased demand for cellulosic ethanol as a liquid transport fuel 
to replace petroleum.   
Although cellulosic ethanol produced from sugarcane bagasse is likely to be 
significantly energy positive (Hayes, 2009), some techno-economic challenges remain in 
developing an economically viable manufacturing-scale process to convert bagasse to 
bioethanol.  Hydrolysis and fermentation of bagasse (lignocellulosic fibre) is more complex 
than the fermentation of sugars from sugarcane juice or molasses.  Pretreatment processes are 
generally required to break down the lignocellulosic fibre structure prior to enzymatic 
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hydrolysis to produce fermentable sugars.  In addition, several of the sugars produced from 
bagasse or other biomass (and in particular xylose) may require the development of novel 
fermentation organisms to deliver high ethanol yields from the total available carbohydrates.  
These additional processes increase the capital and operating costs compared with the 
conventional ethanol production from sugarcane juice or molasses. 
Considerable research is being conducted to develop cost-effective pretreatment, 
hydrolysis and fermentation processes.  Many researchers propose an integrated biorefinery 
concept to produce a range of marketable products and energy products to enhance the 
overall efficiency and economics of bioethanol production from sugarcane bagasse (Edye LA 
et al, 2005; Day DF et al, 2008; Pye EK, 2005).  The complexity of the integrated processes 
(from material handling to product recovery) cannot be adequately developed and 
demonstrated solely on results obtained from laboratory research.  Effective pilot scale trials 
are an essential component in the development of new technologies, to prove and underscore 
the effectiveness of new technologies obtained at the laboratory and optimise key process 
parameters at a larger intermediate scale prior to successful commercialisation of the 
bioethanol production. 
The Mackay Renewable Biocommodities Pilot Plant (MRBPP) is publicly available 
research infrastructure that has been developed to: 
• Bridge the gap between laboratory research and commercial investment;  
• Rapidly advance the commercialisation of new technologies; and 
• Connect global innovators to Australian feedstock suppliers, investors, end-users. 
 
The MRBPP is owned and operated by QUT and has been developed to pilot processes for 
the conversion of lignocellulosic biomass such as sugarcane bagasse into biofuels.  The 
facility has been jointly funded by the Australian Government through the National 
Collaborative Research Infrastructure Strategy (NCRIS) and the Education Investment Fund 
(EIF), Queensland Government through the Innovation Building Fund (IBF) and QUT.  The 
MRBPP is available for use by meritorious public and private sector researchers under the 
requirements of the NCRIS program. 
 
The construction of MRBPP factory building, office and laboratory buildings were 
completed in December 2009 and the installation of equipment and piping was completed in 
October 2010.  The commissioning of the equipment in MRBPP occurred through November 
2010 and the facility became fully operational in December 2010.  A previous introductory 
paper on the MRBPP was presented in 2009 (O’Hara et al, 2009).  This paper provides an 
update on the design, capabilities and current status of MRBPP, and provides brief results 
from the preliminary operations of the facility. 
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Design of MRBPP facility 
The MRBPP is a unique pilot scale facility designed to study and demonstrate 
integrated biorefinery processes for the production of second generation biofuels.  The 
facility is strategically located at the site of the Mackay Sugar Ltd – Racecourse Mill in 
Mackay, Queensland for ready access to large amounts of sugarcane bagasse and essential 
services from the Racecourse Mill site.   
The development of the facility was undertaken to comply with all relevant industrial 
standards including rigorous consideration of environmental, and health and safety 
requirements.  A 20,000 L underground chemical capture tank was installed to ensure any 
chemical or waste spills during truck loading or unloading operations are fully contained.  
Two 20,000 L polyethylene tanks were installed for liquid waste storage before disposal.  
Two 8,000 L chemical storage cabinets are available for Class 3 (flammable and 
combustible) and Class 8 (corrosives) chemical storage respectively. 
Steam, compressed air and chilled water for process operations are generated in the 
MRBPP facility.  Steam for the facility is generated in a Thermic TSG HPTS30 package 
water tube boiler capable of generating 470 kg/h at 27 bar.  Compressed air at a flowate of 31 
L/s and pressure of 7.8 bar is provided by a Champion CSF11 rotary screw compressor.  A 14 
kW chilled water system supplies cooling water at 4oC to all the equipment that requires 
temperature control. 
The majority of the equipment in the facility is connected to the PLC and SCADA 
system allowing process control and trending.  The system is based on a Schneider Electric 
Modicon TSX Micro PLC processor, with process monitoring and data recording carried out 
using Citect SCADA software.  Figures 1 shows example Citect graphics of pilot plant 
equipment.  
 
  
Figure 1.  Citect graphics of pre-hydrolysis reactor (left) and stirred fermentor (right)
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Description of major equipment in MRBPP 
The overall process design and equipment selection was undertaken by process 
engineers within the Centre for Tropical Crops and Biocommodities at QUT.  The major 
design criteria for the process and equipment in the MRBPP were that the equipment be: 
 Able to demonstrate and simulate a range of biorefinery processes; 
 Highly flexible to process different types of biomass feedstock; 
 Capable of demonstrating a range of pretreatment processes; 
 Able to demonstrated a range of fermentation processes including fermentation of 
recombinant organisms requiring containment to a standard of Physical Containment 
Level 2 (PC2); and 
 Fully integrated into the process data acquisition and control system. 
 
 
Biomass handling and feeding system 
The integrated biomass handling and feeding system was provided by Paxon 
Packaging Pty Ltd (Melbourne) and includes the following: (a) a feed hopper with rotary 
clump breaker to break up large bagasse clumps (b) a vibrating feed pan to ensure a steady 
flow of bagasse (c) a sieve tray to separate pith and ash from bagasse (d) a feed conveyor to 
transport bagasse from the feed hopper to weighing machine (e) an automatic single head 
linear weighing machine equipped with high and low level hopper product sensors to provide 
an accurate weight of bagasse to the pre-treatment reactor.  The contact surface of the 
machine was specially embossed to minimise the incidence of bagasse adhesion to the 
equipment. 
 
Pretreatment system 
The pretreatment system was designed and constructed by Andritz Inc (Glens Falls, 
NY). The system consists of a first stage horizontal pre-hydrolysis reactor (Figure 2) and a 
second stage vertical reactor (Figure 3) capable of undertaking steam explosion.  Both 
reactors are constructed of corrosion resistant Hastelloy C-2000 to provide the flexibility to 
perform a diverse range of pretreatment technologies using various chemicals at moderate 
temperatures (up to approximately 215 oC). 
The pre-hydrolysis reactor contains a 51 cm diameter hydraulic pressing cylinder and 
a rotating mixing paddle which is connected to the cylinder back head.  The pre-hydrolysis 
chamber has a working volume of 145 L.  It is equipped with integrated washing capability 
and has the capacity to process up to approximately 22 kg of fibre per batch depending upon 
the bulk density of the feedstock.  In a typical operation, bagasse is loaded into the chamber 
where it is mixed with liquid chemicals heated at temperature up to 215 oC and pressure up to 
22 bar.  After pre-treatment, the residue can be compressed using the hydraulic cylinder to 
remove hydrolysate before being discharged into the second stage vertical reactor.  The liquid 
or condensate removed from the pre-hydrolysis chamber is collected in a pre-hydrolysate 
tank. 
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The vertical reactor is designed to undertake the steam explosion process; it is a 
cylindrical reactor of 200 mm diameter and is 2.2 m in length.  In this reactor, the residue 
from the pre-hydrolysis reactor is pressurised up to 26 bar using steam and rapidly 
decompressed through a blow valve into a blow-down tank kept at atmospheric pressure.  
This elevated temperature and rapid decompression process results in shattering of cellular 
tissue and weakens the links between the fibre components resulting in improve enzymatic 
digestibility of the fibre. 
            
Figure 2.  Horizontal pre-hydrolysis reactor   Figure 3. Vertical reactor 
 
 
Enzymatic hydrolysis reactor and fermentation system 
A 300L jacketed reactor with external heat exchanger is used for demonstrating the 
enzymatic hydrolysis process.  The temperature in the reactor can be controlled at 
temperatures between 10 oC and 80 oC by chilled water circulation or an electric heater.  The 
stirrer of the reactor is changeable to optimise agitation for products of different solids 
contents or viscosities.  
 A range of various sized fermentation reactors are available in the pilot plant. These 
include:   
 10 L, 100 L, 1 000 L and 10,000 L stirred fermentors.  
 10 L, 100 L and 1 000 L airlift fermentors 
 
A continuous pasteuriser consists of a plate heat exchange and a holding tank capable 
of sterilising fermentation medium up to 145 oC.  
 
Apart from the 10 L fermentors which are manufactured from a thick-walled glass, 
the fermentors are manufactured from stainless steel.  All the fermentors have the capacity to 
measure and control important parameters including temperature, dissolved oxygen (DO), 
pH, redox potential and foam level during fermentation.  Fermentors are jacketed so that 
precise temperature control can be achieved through a heater and chilled water supply.  For 
stirred fermentors, DO can be automatically maintained at the most productive levels by 
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cascade control of agitation speed, air flow rate and supply of oxygen.  The same DO control 
strategy is applied for airlift fermentors however these fermentors have no mechanical 
agitation. 
For fed-batch fermentation, various feeding strategies such as constant feeding, pH-
stat and DO-stat can be used to control the cell growth in the fermentors.  Measurement of 
redox potential and refractive index can also be used to monitor and control the nutrient 
supply.  Rapid change from aerobic to anaerobic condition during fermentation is possible by 
rapid switching of the air or oxygen supply to nitrogen. 
The fermentation system is designed for high-yield growth of a wide range of 
fermentation organisms especially yeast, bacteria and fungi.  Fermentation of recombinant 
microorganisms will also possible once the facility is certified to PC2. 
 
Bioseparation and product recovery equipment 
 Two centrifuges are available in the MRBPP for fractionation of solid-liquid mixtures 
or liquids with different densities. These include: 
 Westfalia disk stack centrifuge(AG model SB-7-01-076) with Mono CP25 feed pump and 
solids chamber.  It has a maximum bowl speed and feed flow rate of 9210 rpm and 400 
L/h respectively.  It is a self-cleaning separator used both for clarifying and separating 
fluids and products with liquid and solid density range of 1.0kg/L to 1.5 kg/L can be 
treated in this separator.   
 Veronisi split bowl centrifuge, model BSG AR1500 has a maximum bowl speed of 
10,250 rpm and feed flow rate of 500 L/h. 
 
 If the size of solid particle is larger than 50 µm, separation of liquid and solid can also 
be performed in the rotary drum vacuum filter with 50 micron screen size.  The filter has a 
capacity of 250 L/h and is installed with a steel receiver to collect the filtrate.   Fractionation 
of smaller particles from liquid can be performed in a cross-flow membrane filtration system 
which has membrane area of 10 m2.  The filtration system is equipped with control panel and 
a Lobe pump, the membrane is exchangeable enabling the system to be used either for 
ultrafiltration or reverse osmosis duties.  Currently, the cross-flow filtration system is 
installed with a 20 kDa MWCO Koch polysulfone membrane. 
 A Nero Production Minor spray dryer plant consists of a suction fan, rotary nozzles, 
an atomizer, a drying chamber, a 300mm diameter cyclone, a baghouse, electric heaters, a 
stirred stainless steel feed tank with external pre-heater, a feed pump, piping and 
instrumentation.  The spray dryer is designed to operate at approximately 400 kg/h of air with 
temperature up to 250 oC.  Product can be pumped into the spray dryer at a feed rate of up to 
25 L/h and dried in the dryer.  For small scale sample production, drying process can be 
carried out in a 10 L fluidised bed dryer capable of operating at up to 100 oC inlet 
temperature.  The main usage of this equipment is drying but it can also be used for 
agglomeration, encapsulation, cooling and conditioning.  This drying equipment will be used 
for drying and recovering lignin, one of the important co-products from the biorefinery 
(Doherty et al., 2007). 
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 Other equipment is available in the pilot plant including a cross beater mill for size 
reduction, Gaulin model 15 M homogeniser, autoclave, assorted feed tanks and pumps.  
 
Distillation system 
A continuous packed bed distillation column is used to concentrate and purify ethanol 
produced from fermentation.  It consists of a 304 stainless steel distillation column of 200 
mm diameter and 4.75 m height, a 200 L reboiler installed with electric heaters, a 75 L 
condenser with copper coil for chilled water circulation, an ethanol pre-cooler, a 200 L 
ethanol storage drum, pumps, piping and instrumentation.  The room housing the distillation 
system is classified as a hazardous area, hence the installation of electrical equipment, control 
valves and instruments all conform to the current Australian Standards for hazardous areas.  
Licences to own a still and to manufacture alcohol and petroleum products in the MRBPP 
have been obtained from Australian Tax Office. 
 
Commissioning and start-up of Equipment 
Testing and verification of equipment in MRBPP was carried out in the following phases: 
1. Post-installation checks to confirm the equipment, piping and electrical installation is 
consistent with design requirements, and meet operational and occupational safety 
requirements. 
2. Pre-commissioning tests were conducted for each item of equipment by operating the 
equipment with water, to check the integrity of mechanical connections, all electrical 
input/output points, connections between local control panels, motor control centres and 
control room, and to verify instrumentation and control function. 
3. The commissioning process demonstrated that the integrated operation of the main 
equipment satisfied design and operational parameters and key safety requirements.  
Standard operating procedures were verified and modified during this phase.     
 
Preliminary trials 
 
After successful commissioning of the major facility equipment, several pretreatment 
process trials were carried out using sugarcane bagasse as the raw material.  In these trials, 
the pre-hydrolysis reactor was pre-heated with steam to 170 oC and the condensate was 
drained from the chamber.  Sugarcane bagasse was fed into the pre-hydrolysis chamber 
through a knife gate valve above the reactor using the biomass feeding system.  Steam and 
0.8% of sulphuric acid solution were charged into the chamber and mixed with the sugarcane 
bagasse.  The fibrous material in the chamber was maintained at operating temperature for a 
set time with or without mixing paddle operation.  At the completion of the reaction time, the 
fibrous material was pressed to remove free liquid including condensate to the pre-
hydrolysate tank. 
 
The solid residue of the pre-hydrolysis reaction was transferred into the pre-heated 
vertical reactor through a knife gate valve below the pre-hydrolysis reactor.  It was heated in 
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the vertical reactor using steam to a pre-determined temperature for a set period of time.  
Then, the pressure in the reactor was increased to 20 bar before the residue was discharged 
into the blow tank by rapidly opening the blow valve below the vertical reactor while the 
reactor was under pressure.  The process conditions of the trial runs are summarised in Table 
1. 
 
Table 1.  Process conditions for pre-treatment trial runs. 
 
Trial runs 1 2 3 
Weight of sugarcane bagasse (kg) 20 22 22 
Amount of 0.8% sulphuric acid 
added (L) 
51 44 44 
Pre-hydrolysis chamber reaction 
temperature (oC) 
170 135 135 
Pre-hydrolysis chamber reaction 
time (mins), with or without 
mixing  
15  
with mixing 
20 
without mixing 
15  
with mixing 
Vertical reactor reaction time 
(mins) 
5 0 0 
Vertical reactor reaction 
temperature (oC) 
150 -- -- 
 
The materials generated from the pre-treatment process were dried and samples are 
shown in Figures 4 and 5.  These samples vary in visual appearance; the material from trial 
run 1 is a slurry containing solid particle in powder form, the materials from trials run 2 and 3 
contain less moisture as compared to sample from trial run 1.  Small amount of fibrous 
material is still visible in  the samples from trial runs 2 and 3 especially in the sample from 
trial run 2 which contains more undigested fibrous materials.  Further analysis of the 
pretreated materials and pressate collected in the pre-hydrolysate tank is needed in order to 
evaluate the effectiveness of the pretreatment process.  Nevertheless, the pretreatment trial 
runs show that pretreatment conditions have a significant effect on the properties of the 
pretreated materials, and subsequently affect the effectiveness of downstream processes.  
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Figure 4.  Sugarcane bagasse and sample      Figure 5.  Samples from trial runs 2 and 3 
from trial run 1 
 
Conclusion 
Completion and successful commissioning of the MRBPP represents a significant step 
forward in the development and commercialisation of technologies for second generation 
biofuels production in Australia.  The MRBPP allows opportunities for larger scale research, 
development and demonstration of biofuels production from lignocellulosic materials.  This 
will enable investors to reduce the risks associated with the commercialisation of new 
biofuels technologies.  The pilot plant facilities and associated staff are available for research 
and development of novel biorefinery processes and this facility will play a significant role in 
accelerating the implementation of new technologies into the Australian sugar industry.  
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